stained NOR sites (AgNORs) within nuclei is significantly higher in malignant cells than in normal, reactive, or benign neoplastic cells (Ploton et al., 1986; Howat et al., 1988; Matsumura et al., 1989; Suarez et al., 1989) . Furthermore, the number of AgNORs appears to correlate with various parameters of cellular activity. The mean number of AgNORs was shown to be linearly related to the proportion of tumour cells with nuclear Ki-67 immunoreactivity (Hall et al., 1988) or with the size of the S-phase fraction estimated by DNA flow cytometry .
Often AgNORs are tightly clustered. The low counts scored in benign lesions probably represent AgNOR clusters, and the high counts for malignant cells result from a combination of multiple AgNOR clusters and dispersed AgNORs Crocker et al., 1989 (Ploton et al., 1986) . Briefly, a silver colloid solution was prepared by dissolving gelatin in 1 % aqueous formic acid at a concentration of 2 per cent. This solution was mixed in a proportion of 1:2 by volume with 50% aqueous silver nitrate to obtain a final working solution. Silver staining was performed by immersing the slide in the solution at room temperature for 30 min. After staining, the specimens were washed in running deionised water for 10 min. Counter staining was not performed, and slides were dehydrated with ethanol and mounted in a synthetic medium.
Two methods of counting black dots within nuclei were employed as recently reported suspensions, which had been used for determining the growth curves, were centrifuged and resuspended in a Triton X-100 solution (0.1% in PBS, Sigma Chemical Co., USA), treated with 0.1% RNase (Sigma Chemical Co., USA), and stained with 50 lgml-' of propidium iodide (PI, Calbiochem Co., USA) as described previously (Sasaki et al., 1984) . Nuclear DNA content was measured with the FACS Analyser, which was calibrated using fluorescence beads. The coefficient of variation (CV) was less than 2 per cent.
Results
The distribution of AgNORs in HeLa cells following serum starvation is shown in Figure 1 . The well-defined black silver dots were observed in all nuclei of HeLa cells grown on chamber slides for 48 h in DMEM supplemented with 10% calf serum (Figure la) . On the other hand, the AgNORs tended to be clustered after 72 h of incubation in a serumfree medium. The AgNOR dots and AgNOR clusters were more aggregated to form larger groups of small dots in HeLa cells cultured in a serum-free medium than in those in serumcontaining medium (Figure lb) . The cells grown in serumdeprived conditions were stained with hematoxylin, and no apparent microscopic changes were seen in the morphology of the nucleoli and nuclei.
The growth rate of cells in DMEM supplemented with calf serum was faster than that in serum-free medium with doubling times of 30 h and 48 h respectively (Figure 2 ). In the cells grown for 48 h in DMEM supplemented with calf serum, the percentage of cells in the S and G1/0 phases was estimated by FCM to be 35.8 and 49.5% (Figure 3a) . In contrast, after 72 h of incubation in serum-free medium the proportion of cells in S-phase was reduced to 24.7%, and the proportion in K. MATSUMURA et al.
GI/0 phase was increased to 68.0% (Figure 3b) .
The number of AgNORs was not significantly altered during serum-free culture: the mean number of AgNORs per nucleus was 13.2 dots (Figure 4a ). The number of satellite AgNORs was also not significantly changed during serumfree culture (Figure 4c ). In contrast, the number of AgNOR clusters was significantly decreased under such conditions. The mean number of AgNOR clusters in HeLa cells cultured in the presence of serum and after 72 h of incubation in serum-free medium was 4.9 and 2.9, respectively (Figure 4b ). 
Discussion
We have demonstrated that the aggregation of both AgNORs and smaller AgNOR clusters within a larger AgNOR cluster become evident during retardation of cell proliferation. The reasons for this observation are uncertain. However, cell proliferation seems to bear a relationship to the morphological changes of AgNORs (Stahl, 1982; Wachtler et al., 1986) . Following dimethylsulfoxide (DMSO) treatment of human promyelocytic leukaemia (HL60) cells, the number of detectable AgNORs fell rapidly, reaching levels characteristic of normal bone marrow cells. Suppression of rDNA transcription occurs and AgNOR staining reflects regulation of rRNA synthesis (Reeves et al., 1984) . Quiescent lymphocytes contain 1 or 2 AgNOR sites in number but multiple AgNOR sites following blast transformation. Such transformation could be regarded as enabling more rapid and wide spread rDNA cistron transcription with increasing cell activity and consequent protein synthesis (Field et al., 1984) . On the other hand, the mean number of total AgNORs per cell in our study was not changed in HeLa cells when cell proliferation was retarded by serum deprivation. There are few papers which have distinguished between numbers of AgNORs and numbers of AgNOR clusters. The mean number of total AgNORs in malignant breast lesions significantly exceeded that in normal breast and in benign lesions . This perhaps indicates that malignant transformation is needed for the variation in AgNORs counts. A change in cell proliferation would not itself affect the total number of AgNORs, although it may change the number and morphology of AgNOR clusters. The present study indicates that measurement of the number of AgNOR clusters may be a useful method of determining the rate of cell proliferation. Therefore, it will be of great interest to determine the effect of anticancer drugs, or radiation therapy on the number of AgNOR clusters.
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